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NOVEL HARD METAL COMPOSITIONS AND PROPERTIES

Haskell Sheinberg

Lcs Alamos Miticml Laboratory, F.(I.box 1663, MS G770, Los &lamos, IW W545

ABSTRACT

A new family of hard mtal compositions consisting primari:y of borides,
borecarbides and carbides of nickel, iror,and tungsterlor molybdenum is made
by reaction hot pressing and/or liquid phase sintering mixtures of elemental
powoers with small quantities of boron carbide. The hardness of these
compositions is in the range of the hardest conve~tional tungsten
cartide-cobalt commotions. D~sity of this family of m?terials can be
varied from about 8 to 17 Mgi’m with only slight variations in hardness.
Preliminary data or,hot hardness, hardness, fracture toughness, and abrasion
resistance are enccura~~n~m



2.0 B4C-98.0 [95 Wi.’!/O W-3.5 Ni- 1.5 Fe]

[95 Wt. ‘/0 W-3.5 NI-I.5 Fe]

Fig, I “1-ieavy Metal” And “lieavy Metal” -- Boron Carbide
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of borldes, carbides and borocarbldes, but the paper concluded that further

#

defjnltlon of the nature and extent of reactions involved was required.

In rmre recerit work, the composltlon~l end densIty range of this

nonconventional hard metal system has been dramatically extended. Tungsten

content was reduced fran the previous minimum of 90 wt% (balance nickel and

Iron) to 70 wt%; In the mlyMenum series of alloys, the nmlybdenum was “
~lmi]arly ~duc~ with appropriatelncmasesIn boroncarbide concentration.

in an effort to reduce the.complexity of this material system and gain an

understanding of reactions involved, iron WJS eliminated fr’an several

pressings and separately, boron was substituted for boron carbide. Both hot

presslng and cold pressing/slnter’ngwere employed In this qtdym

RAM MATERIALS

The poAers used In this study were obtained fran consnarcialsour:es.

?woer characteristics are canplled in labl~ i; chemical analysls and size

dlstrlbutlon of powders are Included In the previously cited publication.

Average particle size was determined with a calIbrated Fisher Sub-Sieve
‘bS!Zerm Values # mean and mode parttcle size were c~lculated from

sedlnent~t(or balance. Surface area was determined with a hmec l%odelLPA-2

k?s:~rtlcr, flow brrwratusd th~t uses a modified Brunauer-Ermett-Teller

The nolyb~eriu% powder was freshly reauceo Ir, hyaropen et 6SOCC and

:cwnt!d -325 prlc~ to use. The previous work indicated the nece~si!y +or

rcrt.vlngthe b~rlc oxide Impurity in the b~rcmlcarbide powder. The Dcwder

WFS boiled In ~;ter for 3h with stlrrln~, alcoh~l washed, vacuum drfed and

screened prfor to blending with elemental powders.

Afrco-Speer C#rbor,Co. grade 560.S grbpnftee was usec to make the hot
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P~EWRES ANO EQUIPKNT !

,m!!ml
I
1“.. .Nickel and iron ~ers were preblended for 4h in bottles ●quipped with I “

elumlnum agitator wires; this mixture WM similarly blended with the tungsten “

or reduced smlyMenum powder for an additional 4h prior to a final 4h

blending with boron or boron carbide powder.

Hot-Presslnq

A weighed charge of the bl●nded constituents was leveled 1n the cavlty

of a 76.Lnsn-o.d. by 31.8-nsn-l.d.by 101.6ihsn-long graphite die, and the

upper punch was Inserted Into the die. Thermal Insulation was a single layer

of 6.3-nsn-thickcarbon felt, cut and sewn to enclose the die c~letely.

After the charge was cold-pressed at 10.3 Mpa, the assetily length was

masured and the necessary ram nmvanmt for ccnnplete der-lflcatlon was

determlned. The insulated dle was centered ~ccurately Ir,a 101.6-nmI-i.d. by

152.4-nsn-longcurrent-concentrator induction coil coupled to a 1O,OOO-HZ,

5G-kH motor generator. The hot-press arrargenmt 1s shown In Fig. 2. A

typical time-temperature-pressum cycle for pressing a 31.8-ssn-dlam by

25.4-asn-longcylinder Is shown In Fig. 3; hot-prmslng was perfomned In an

argon atnmsphere,

Cold-Presslng and Slnterlna

Powder blends were loaded Inta polyvlnyl alcohol pressing sacks, llds

were Inserted and sealed tc the sack? whlck were then evacuated. The

evec~hted sacks were Isostatlc&lly pressed at 145 ~~~~and the Wesslngs w@re

slntered Ir. hyarcpefi at temm-atures rawlw $rc~ 145CI :Q 147CCC Ir a
6,,,Pr*rr *E!I::[F?[ Zurrccc ~r +? ~ ~Il+caF :~++?~ hertst ~~mlr::- oxldt.* :...
tub~ furnace. Time at temperature ranged frm 0.25 to 1.04,

Densltv nmasuremnt

Thecretlc@l density In this M-B-C system was c~lculatcc using the rule

of simple mixtures; fonnatlon of canpounds w’11 lncreass true thwetlcal

de~sltym Densltles @f hot-pressed cyllnde~s WC- dr~~~lred hy ~nsurntlon

w+tI. frc~uunt c~rr~lat’on with lmwrslor, t~chri~kes. Densl?ie: af Lil

ccld-p’esscd, slntmwi cylinders were detemdrici t,yir~rslori,

.
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Fig. 2 Schematic Of Hot Pressing Arrangement
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Fracture Touqhness
.-

Values of fracture toughness, ‘ICSR’
were determined with a % -

I
Fractometer I system by using a 13-rmn-diamby 19-rmn-longslotted specimn as ; J.
described by Barkerg. In addition fracture toughness was meas,uredon some

specin~rs by indentation hardness in a manner described by Anstis, et. al.h

Abrasic-lResistance

Abresion resistance was determined by Hughes Tool Co. Hughes MPD,

Houston, TX in accordance to ASTM B-611-76 Standard. Abrasion resistance was -

measured on samples as hot-pressed and after a post hot-press HIP treatment

at 130CCC, 103 MPa for 2h.

Hot Micro-hardness

Hot hardness of six

Laboratories of Kennamental

Testing parameters were as

each test temperature from

and 10 second dwell time.

were reccrded for each test

Electro-,!tiicroprobe

specimens was determined by the Philip McKenna

Inc. using a Nikon Hot Micro Hardness Instrument. , .’

follows: eight Vickers indentations were made at

room temperature to 800”C with a 1000 gram load

The mean hardness value and standard deviation

temperature.

Tbs electron microprobe uses a finely focused electron beam (0.2 urn

tier.jv:ith a 1 tc 5C KeV energy to excite ‘U i cubic micrometer of the
~pecj~e~,a Siqnels emitted frcn the specimen include secondary, bock

scett:rec and abscrbed electrons and characteristic x-rays. Electron signels

pr~vide ir=crmetiorl or average atomic number differences and che~ica?

cor,orsi:;:)rcrI a micrcsc~le is obtained from the x-ray signals. Energy

c!ismr:’~e and wave length spectrometers WE-E emplc,~fedto chemically
~b.;l-~:*a,.:-c IIpcrFph:chI:\~ ~:lis+ed sp~cir,c~is... .w rlpt~, . .

E)’Pr~!l#S--b.. .-IllLL RESULTS A14DDISCUSS;CJli

Exterzirr rf Composition Range

lr, c-der to extend the compositional range and density of this farr)ilycf

r,ard‘:~;erials,the tungsten content was reduced from the previous minimu~ of

9[1 k:”. (oclance nickel and irorj tc 70 h“;,. in the molybdenum series of

ailc;i~. :h~ molybdenum was reduced from th~ previous minimuniof 90.3 wt

(kll?rcc ‘.ickeland ilon) to 72.0 wt:.. Bororicfirbideconcentration ir,the

nek sel‘Es rlftullgst.cl:ililcyswks incredsec tcla maximum cf 5.0 wt’.and ir

th( :t.k,trritlsC!f:I:ll)llderluc~l;cy: to 9.1 wt’. in two ;’l=~ssings,the iron

WG$.~1:”‘1:,:ed irlfit,~+ir,~-;tc :il;;plifyttit!. CCC;IIPXrwtrrial systw. Tec
... .... .... -,. .:uc,:m... ... b) :.1,-1:!’-: hl~: cc;m’li!:!erswere ilot.~11’c.s5ml?t 1460°C ant f;]i:lFa;
n,,i-,J,*... rf ill? c,viincler-:V:&f.‘. i[:(l cf thrnrctical hfis[t(II:thr rul! of‘.’

:il:l:,~fI‘.:,:I[(p+”!IIII~!l~Lf:!!:t(;rtnt ~}{}wd(!.:.. !,,,.j$ ~1” ;) , ~ : ~ !ll-(!: (1’



cylinders were ground flat and parallel and an additional 0.5-nmIstock was ‘[”’”=
1

removed from one end prior to hardness testing. Hardness and composition are I ..”.,,
shown in Table II. For comparison, maximum hardness of the 90 and 95% ;

tungsten compositions were 90.0 and 93,4 RA respectively and 90.9 RA for

the 90.9 wt$.molybdenum.

The same new extended range of alloy compositions was fabricated by

conventional isostatic pressing and sintering,in hydrogen in the 1460-1470”C

range. These specimens were sintered with a 250°C/h heating rate in an

attempt to reduce solid state reactions. Composition of specimens which

exceeded 100% of theoretical density were 7,’45 B4C-92.55 [80.48 Mo-13.66

Ni-5.86 Fe] and 3.5 B4C-96.5 [85.0 W-15.O Ni]; hardness of the latter was

88.6 RA.

Hot Micro Hardness

Metallography on early hut pressed specimens indicated somewhat larger

grains of borides (or carbides/borocarbides) than in most grades of tungsten.
carbide-cobalt. Parameters which probably markedly affect final grain size

are size of starting powders and rate of rise of temperature (both of which

affect solid state reactions), and time at maximum temperature during which

liquid phase sintering and activated reaction and sintering occur. Size of

the tungst~n and nickel was varied in two blends designated A and B in which

the finer size powders were used in blend B. Time at maximum temperature and

pressure was reduced fro~ the original 30 min. to 15 or O minutes, Rate of

rise cf temperature

micrcherdness of six

lickern~Laboratory of

was maintained essentially constant. The hot

hot pressed specimens was det~t~ined by the Philip

Iiennametal,Inc., i?esu~ts G? these measurements are
:,?l!y!r~r, ~i~. 4, Twc C? the values ?t 8CT’C cre 10-20: higher than

conventional tungsten carbide-cobalt dt the same temperature, according to

Kennanetal, Composition and average hardness at 800°C of specimens are

presented in Table 111. However, standard devietion of hardness values as

shown in Teble IV was considerably higher than conventional material:

primerily beceuse of porosity as revealed by post test metallog~anhic

exa~ination of cylitldersfrom v{rich the specin:~nswere I:iachfned.Anrther

factcr which might hcve contribute tc high standard deviation ir hot

hardr,ess v~lues i: the microcoriposition~lvt,rjabilitywhich was cbserved

metalloqraphictilly and determined by eleclrm micro~rabe on sirrlilar

~pecifneris. The rle~surcdspecimens will be H!F~[P Et 1455’C and rerleasured,
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Table 11
. -.

; .:
Composltlon and Hardness of Extended Composition Range of Materials 1,.#
Run . Composition, W Av. Hardness, R i ..
Ho. Stock Removal knd .0pp~slte End : “~

FL-l 3.50 B.C -96.50 ‘85.0 W-10.5 NI-4.5 Fe

[
1

89.2
7A-2 4.00 B~C -96.00 8C.O h’-l4.ONI-6.O Fe 89.2
PA-3 6.54 B4C -93.46 87.1 Mo-9.02 NI-3.87 Fe] 91.C
PA-4 7.45 B4C -92.55 80.5 M0-13.6NI Ni-5.9 Fe] 89.4
PA-5 4.50 B4C

[

-95.50 75.00 W-17.5 Ni-7.50 Fe
1

87.3
9A-6 5.00 B4C .g5.00 70,00 W.21.O N1-g,00 Fe 89.4
PA-7 8.20B4C -91.80 77.00 Mo-16.10Ni-6.90 r’e]91.C
PA-8 9.10 B4C -90.90 72.00 Mo-19.60Ni-8.40 Fe] 88.6

I
PA-5 3.50B4C -96.50 85mOOW-15.OONi] 89.7
?A-10 6.54 B4C -93.46 87.11 Me-12.89 Nl] 86:9

89.8
89.5
90.8
89.9
27.0
:Omz .
89.1
89.1
87.0
90.9

Table 111

Hot Hardness Specimen Composltlon

Flun Composition
!;Q. Wti Blend*

9 2.50 B4C-97.50 95 W-3.5NI-1.5 Fe] B
iO

1
2.25 B4C-97.75 95 W-3.5 NI-1.5 FeJ A

14 2m25 B4C-g7.75 g5 W-3,5 NI.1,5 Fe] 6
lE 2.5CJ b4C-97.50 951i-3.5Ni-l.5 Fe] B
;~ I5.C3 E4C-94.97 9C.9 Mo-6.4 lti-2.7 Fe -
il {5.03 E4C-94.97 [90.9 Mo-6.4 hi-2.7 Fe -

Time at
Temperature

mln

o

1:
15
15
c

Hardness
at 80~°C

~

1333
1123
1G61
12:2
1074
li52

~Eiend A: nedium size elemental powders
E;~nd B: fins size elemental powders

Table 1~

‘!ickers Hardness (Kg/n#) and Standard Deviations

Temperature Specimen ~
(’c) R-9 R-10 R-14 R-15 R-26 R-21

l?Tz5 1840:103 1523:142 1470:161 158&191 1533:84 ;546:49
zOG 183S:S8 lL&l.~~~ 1346:122 159&18& 1457:61 1520:70
400 1525:153 1346:i62 1232=1Z7 1413=1OE 1531:155 1433:46
6GC 1437:16: 1315:157 109i:129 1343:14: ii772Y3 :X1:lE



Fracture Touqhness—.
Short rod fracture twghness data is reported In Table V. Apparently“8.. because of the combination of h~gh hardness and abrasion resistance (and

probable micro variability in grain composition) difficulties are encountered

in slotting the short rod specimens to the specified tolerance for testing

with the Fractometer II Instrument. Some specimens required up to 3h for the

chevron slotting. Reed Rock Bit Company (Hou,ston,TX), a nwjor manufacturer

of conventional tungsten carbide-cobalt, slots that conventional material in

% 10 minutes and without difficulty in meeti,ng specimn tGlerance. They

found that it required up to 1.5 h to slot some of our compositions, and It

was difficult to maintain tolerances.

Fracture toughness determination by indentation hardness does not

require the expensive grinding to form the 13-ntn-diamby 19-nwn-longcylinder

with flat and parallel ends or the expensive precision slotting operation for

testing with the Fractometer, but It does require many accurate measurements

and a known value of modulus of elasticity for calculation of fracture

toughness. For values of fr~cture toughness obtained by this technique, an

average of modulus for tungsterl carbide-cobalt mater’

assumed. Values of toughness for four pressings as

indentation technique are also recorded il~the Table V.

obtained by the two methods do not closely agree and the

els (400 GPa) was

detennlned by the

Although the values

number of specimens

tested is.small, they do show the same general trend of improved toughness

with use of finer element~l powders and with decreesed boron carbide

concentr?tinn.

!.,., . .,,. . . . . . . ,, ..,. ,



. .,

19c

Tmblt If

. fracture Tou@ness Dsta

Run”
?40. -%&- %+

14PL! m

II
M 1.52 B4C-98.48 95U-3.5NI-1.5 Fe 12.2
RB3 2.25 B4C-97.75 95U-3.5NI-1.E Fe 8.2
RU 2.Z5B4C-97.74 95H-3.5Nf-l.5 Fe 8.0
R13 2.25 B4C-97.75 95H-3.5NI-1.5 Fe 8.L
R73 2.50 B4C-97.50 95H-3.5NI-1.5Fc
F(16 2.50 B4C-97.50 95M-3.5Nl-l.5Fe ::1
R47 2.66 B4C-97m33 95U-3.5NI-1.5 Fe 5.8
R49 2.E3 B4C-97.13 95U-3.5Nl-l.5Fe

[
PA-24.00 B4C-96,CI 80 U-14!14-6.O FQ] J::
PA-5 4.59 B4C-%.5 75M-17.5 N$D7m5FE] 17.1
W 5.03 B4M4.97 90.9 k-6,4 !if-2.7 Fe 7.9

1

1R77 5.03 B4C-94.97 9!).9No-6.4 K1-2.7Fe 7.3
R76 5.9264C-94.M 90.9 W6.4 Nt-Z,7Fe 4.5

1
PA-4 7.45 B4C-92.65 80.5 M-13.6NI-5.9 Fe 9.75
P&-7 B.M)BC-91.B[ 77.0W16.0! H-6.9 Ft 7.5
x MC-12 k calibration S~Ck@!) 13,2
I/B UC-4.5 Co hat pressed, unannealed
~ b4C hotp~ssed U~lWtSNt~td :::

% “
IndmtBticul

PiPa m “

10,5

9.8

.

●V3?ues are the average of three or four masurenmts



.

Boron was used in blends U and X In an effort to reduce the complexity of “
.

this material system. Pcwder blends were loaded In polyvinyl pressing sacks \
●

which were ●vacuated and Isostatically pressed L-.345 MPa. Portions of each ‘ .

pressing were separately heated et a r~te of 250aC/h to temperatures of 800’, “

1100, i4GG, and 146CCC in hydrogen and wil1 be examined metalIographically

and by x-re~ cl~ffractioc. A 7-nsn-diamby 3B-nsn-longspecimen of each blend

was isostaticnlly pressed and machined for dtlatamtry studies. Correlation

of the results from dilatometry, x-rcy diffraction, nWaliography and

electro~.microprobe (which wi!i b~ appended) are expected to elucidate nature

and extent cf reactions as e fmctiori of particle size of reactan+s,

temperature, ard time at temperat~,t.

Hot lsostatic Pressing (H!~)

Samples of the three cor~osttions listed below were HIPPED by Argonne

National Laboratory for lh at ZC7 MPa and al~emately at 1370’C and at 1400°C

and re-exarined metallcgraphically.

R5 2.5C B4C =97,50 L95.O ti-3.5:(i-1.5Fe]

Fil~2.25 64C -92.75 [95.C K-3.5 Iii-1.4 Fe]

R:: 5.0S F4C -94.77 [90.5 Ho-6.4 iii-2.7 Fe]

There wes r.csigt?i+icartchance ir microstructure; other samFles cut from the

same n:: r%ssec! c.ylilderswer~ recently HIPPEt at l~55CC and reexamined

metallo;~ar.b4c;Ilym H:PPII*Gat the 145S’C temperature reduced porosity and

this rrocecure will tIcwployec as & post kct press!ng or crld press/slnter

Ccc:!’!:t:’:’ :rw?k:iwm !’Erm: cgyq~r:i~,l $redc: cf cor.vemtionaltun~sten

c~rtice-c::~,~~hre t’::;[:i.f~~g”sJntering,

● ,....,..
ElectFor :{i:r~~rob~~“~o”’ird’ir”

The structure of the hc: :ressed ccwwmsiiion~ 6-54 B4C - 93-46 [E7_~l

K(I-JJ,i”F!li~ silCrwlltr fig, [ hiI! cktnlnm! t..velectron rlcroprobe; its



The structure of the hot pressed composition, 4.5 B4C-95.5 [75.LJ
.

. H-17.5 NI-7.5 Fe] was slmllarly examined; Structure and electron back scatter

image are shown in fig. 8. Carbon and boron appear relatively uniform

throughout in the twc dimensional scan and there are tungsten rich and

rickelliroririch areas shown in Fig. S ar,d :C. Agein wide compositional

\arietions exist for different type grains as ci~terminedby point count scans

along grains in the electron back scatter image; point couritscans recorded

In Table tli! indicate relatively uniform element concentrations for similar

phase grains.

. .
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rig. 7 Two dlmcn tonal distribution for elements



Microstructure, 250X

rlq R $tructurc and E1l’ctronlmtiqeof 4,5 l’14C- 95,5 [75W-17,5.’
l;i-7,5Fc]
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Table VII

Point Count Scan on 6.4=54 B4C - 93.46 [87.11 Mo-12.89NI]

No.

1

2

3

4

5

6

17

18

23

24

7

8

9

10

11

12

13

14

lE
m

16”m

19

20

21

t;
?C
b.

s

.046

.048

,038

● 040

.047

.033

.056

.063

.043

.052

ND

ND

I(LI

No
ND

Kl

.G71

.057

.096

.087“

ND

I:D

.081

,065

,(4i

Intensity

R&tlo

c Ho

.004 71.1

.002 71.5

.004 71.0

ND 71.0

.004 “ 71.4

.002 70.6

m007 70.8

ND 70.6

.004 70.5

●006 70.1

.015 80.2

.015 78.7

.014 80.0

.015 79.6

.017 75.4

.014 79.1

.Olc 96.2

m00E 54.1

,Clc 94.0

“:007””” ‘93.7

,030 93,3

.006 96,9

,011 93.5

,009 84,0

.02L ~3m6

,(!:8 gz,~

,{;]4 93,~

,Out 7s,8
,~op 75.6

,[1]; 79.1

kit.%

NI

21.5

21.4

21.1

21.0

20.6

20.9

21.0

20.8

20.9

21.0

16.6

16.9

16.8

16,8

17.2

16.9

i.6

2.G

1.8

1.6

1,3

2.3

1,8

8.2

1.2
],g

2.1

16.[

i5m2

16mt

Phase Descrlptlon Area

Dark Gray ! )
Dark Grey

J

A

Dark Grey

Dark Grey

1Dark Grey “ 6

Dark Grey .)
Dark Grey

}

F

Dark Grey

Dark Grey

1

H

Dark Grey

Med. Light Grey

Med. Light Grey

}

c

Med. Light Grey

Med. Light Grey

Med. Light Grey

}

P

Med. Light Grey

Light Light

tied.Light Grey ~

Med. Light Grey

J

E
bm

“Med. Light kr~y

Light Grey

Light Grey

Light Grey

Light Grey } G

Light Grey

Light Grey

Light Grey

tied,Dark Grey

find.Dark Grey

lied.hrk Grcy

L,L,* .O1OI.L, = ,0(120L,L. = ,07’ 1.L, ■ ,06t



‘ Tablo VIII

mint c-t Scan of 4.5 B4C-~.5 [7W=17.5UI-7.5 F.]

B

m
m
m
m
ND

.W6

Ho

ND

m

w
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Abrasion Resistance

Abrtsl#E wear resistance was determined In accordance to the ASTM

standard in k.llchabrasion resistance, A, is defined as the specimen’s loss

In volme per revolution of the steel wheel carrying the aluminum oxide

abrasive; the wear number, H, Is the reciprocal of the speclnx!n’stotal

volume loss in cn13. The wear nunber, “H, for the specl~ns in the “

as-pressed and after the Zh HIP treatunentat 1300”C is recorded In Table IX.

The 1imited Ati suggests efiedverse ●ffect d * W treataent m war
resistance, not unlike the effect with HIP of conventional tungsten carblde-

cobalt which frequently causes grain coarsening and low wear nunber. The

higher values of the wear numbers are In the range of nutiers for wear

resistance grades of conventional material,

T&bl~ :.

Abraslcr TES: k!earhu~ber, Ii .
Run Composition BlenQ Blend* Hear Iiurlber,H, (cm3)-*

... .. I .... . . . . . s. .~...... . ‘“‘“Asprd$s~~ Aft@r HIP

6 2.5 E4C-57.5 [951i-3.51il-i.5Fe] k 38.9 30.3

7 2.5 24C-97.5 [95R-:.5Nl-l.5Fe] 6 — 24.7

14 2.C 54C-98.0 [S5H-3.5Nl-l.5Fe] A ~~mg 16.5

15 1.: 5&C-98.0 [95U-3.51{+-!.5FE: 6 Ztm; 22.9

61erlci f+ne size mvocr
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ilth this cobalt-free, non-conventional family of hard materials, still

in Its enbryonlc stage of development, hardness in the range of the hardest

conventional tungst~n carbide-cobalt material h~s been achieved and

superiority over the conventional meterlal for ultra high pressure anvil

application has been demonstrated.

The compositional range of this Metal-Boron-Carbon system has been

drumatlcally extended both ,inthe tungsten and mlybdenun series to permit

tallorlng the density frarr7.8 to 17.1 Mg/m3 while maintaining essentially

the sam high hardness. Fracture toughness of the earlIer cunposltlons of 90

to 95 wt!,tungsten or 91% molybdenum were In the 7 to 10 Fll%fi range, but

fracture toughness of FW16 and 17 MPa ~ were obtained with materials

cotitainlngonly 80 and 75: tungsten successively, indicating achlevenwnt of

the r.ecessaryhigh toughness for tool and rock bit appllcatlor% and a fertile

fl~lc Qf study of toughness 4s a functlor of tungsten cmtent (and probably

molybdenum).

+Igt,hot mlcrohardness Is another Important property for rmchlne tool

bit end rack drllllng bit applications, and the achlevemnt of 1O-2O:-higher

V&lLES O+ hardness at ‘,OOGCthan that atta~nable with conventional tungsten
c~~~jde-ccbalt materials is BISO extremely encouraslng for these

k;; “.J:~:{ppsm

Electron dcroprcrb~ exar.inatlon

~jS:”JhLtiOn of elm~nt~m in-the hpt pressed..
vbr+~:+rr.in grains which suggests use of

cor?:tmwd relatively Urlfcm

speclmns. and fijcro$umpo~l~i~nal,

finer powders. Results cf x-ray

diffraction, mtallographic examination and electron microprobe analysls of

spcc’.~r: (of the five Dowler blends of medium and fine powders) slntered at

v~r:~fnc temperatures are expected to elucidate effect of powder size on

rrict-:ccrm~it!onalvarlntlonm
:1..~’v:sshas heel]imde In ~chlevlnq relatively high dmslty In specimens

I.,ilf ~, RJ.l :he cconumlcally fnvrirec!cclldpress/slnLer process, but hlt Isostatlc

;.11,.l,. I these l~l~terihlsprior to testing probably will prove nec~ss~wy.
.., ‘! ln~llrvedthat the ~rlnclpal contr+butlnn to hardness Is prlmerlly
,...1 “or:”lt.!ioncf :urlgs!en or molyhcirt,m borldes, bnrocarhities find

,.,. 1,,;:,.(,l,~in~~.b~,lr(~$c.I-Ii: nccess{lr} to d~filc tilt rc:u”~ End,, ,.
(.,l:f:l., (.J I.[,i.(1+(’‘ :!l’:[llv(.!l, Jlt?ri:ing ttlu CCWIaOSl?if”fi, ~?ln’ r:.~t[ridl
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